salts. X-Ray crystal structure determinations revealed that these all contain polymer chains in which the nicotine molecule acts as a bridging ligand between four-coordinate silver atoms. In one case additional bridging by nitrate anions leads to a three-dimensional network structure.
INTRODUCTION
Metallosupramolecular chemistry involves the reactions of bridging organic ligands with appropriate metal-containing precursors for the construction of a diverse range of supramolecular architectures [1] . Within this context coordination polymers have proved particularly popular [2] [3] [4] [5] . These are readily prepared from combinations of metals and ligands and exist as one-, two-or three-dimensional polymeric assemblies. The simplest such coordination polymers are linear one-dimensional examples, which are constructed from rigid linear bridging ligands (such as 4,4'-bipyridine) and linear metal connectors. For this purpose silver(I) salts have been extensively used [6, 7] . Higher-level bridging components lead to more complex two-and three-dimensional networks which may possess porous internal cavities [8] [9] [10] [11] [12] [13] or involve complex interpenetrated nets [14] [15] [16] [17] [18] .
Most work in this area has simply involved the synthesis and characterisation of such coordination polymers. More recently, attention has moved towards finding useful applications for such compounds based on functional properties displayed by these materials [19] [20] [21] . One such property that has attracted much interest is in the area of non-linear optics (NLO) [22] [23] [24] [25] [26] [27] .
Certain coordination polymers exhibit interesting NLO properties that may have useful applications in various areas of material science. An important requirement for NLO properties is that the material be noncentrosymmetric. Various approaches have been employed in the design of homochiral coordination polymers. These include the use of chiral metal precursors [28] , chiral ligands [29] [30] [31] [32] [33] [34] , chiral counterions [35, 36] , helicate formation [37] [38] [39] [40] [41] and even the use of spontaneous resolution of achiral materials [42] [43] [44] [45] .
We believe that the simplest approach is to use chiral bridging ligands and have recently reported the synthesis and study of some C 2 -symmetric chiral bridging ligands derived from the readily available monoterpene (+)-camphor [46, 47] . Based on our extensive experience in the design and synthesis of new heterocyclic ligands [48, 49] , we have found that the best bridging ligands are either highly symmetrical (with all binding domains identical) or highly unsymmetrical (with sterically and electronically very different binding domains). Bridging ligands with similar, but slightly different, metal-binding sites tend to struggle to faithfully align themselves in the course of a supramolecular assembly process. This in turn leads to complex isomeric mixtures of products.
(S)-(-)-Nicotine (1) is a readily available chiral alkaloid obtained from the tobacco plant. It contains two potential metal-binding sites, a pyridine nitrogen and a tertiary-amino (pyrrolidine) nitrogen, which are structurally and electronically very different and hence nicotine is a potentially useful bridging ligand. Surprisingly little coordination chemistry has been reported for nicotine [50] [51] [52] [53] [54] [55] [56] . A number of mononuclear complexes have been reported in which nicotine is bound only through the pyridine nitrogen. The only structurally characterised example in which nicotine acts as a bridging ligand is a mercuric chloride complex [57] . In continuation of our work on silver complexes of heterocyclic ligands [58] [59] [60] , we now report the synthesis and X-ray crystal structures of three chiral silver coordination polymers of (S)-(-)-nicotine. Crystalline products suitable for X-ray structure determination were obtained from three such reactions. Reaction of equimolar quantities of silver nitrate and nicotine in acetonitrile followed by vapour diffusion of diethyl ether into the reaction mixture furnished a crystalline product (2) that was shown by elemental analysis to have a 1:1 metal:ligand ratio.
1 H NMR, infrared and mass spectra were all recorded and are given in the experimental section. The 1 H NMR spectrum showed small downfield shifts (+0.18 -0.01 ppm) of the pyridine ring protons relative to the free ligand in the same solvent, consistent with silver coordination to this ring nitrogen. The structure of 2 was unambiguously determined by X-ray crystallography.
This compound crystallises in the orthorhombic space group P2 1 2 1 2 1 . Figure 1 shows a perspective view, with selected atom labelling, of the contents of the asymmetric unit, which contains a silver atom, a molecule of nicotine and a coordinated nitrate anion. The absolute configuration of the nicotine was known to be (S) and was confirmed by refinement of the Flack parameter [61] . The nicotine uses both of its available nitrogen atoms to bridge two silvers, which are four coordinate with highly distorted tetrahedral angles in the range 85.22(6) -127.85 (7) o . Each silver is bonded to both a pyridine and a pyrrolidine nitrogen of two different nicotine molecules and to two different nitrate oxygens. Thus, nicotine molecules act as bridges to form polymeric chains which are cross-linked by the nitrate groups, which also act as bridging ligands and hence extend the polymeric structure into a three-dimensional network, a small section of which is shown in Figure 2 . Silver atoms bridged by the nicotine molecules are separated by 7.886 Å, while those bridged by nitrate anions are 5.715 Å apart.
[Figures 1 and 2 here]
Reaction of silver nitrate with three equivalents of nicotine furnished another crystalline product (3) that was shown by elemental analysis to have a 1:2 metal:ligand ratio. In this case only very small shifts of the pyridine ring protons were observed in the 1 H NMR spectrum. This compound crystallises in the monoclinic space group P2 1 . Figure 3 shows the contents of the asymmetric unit which comprises one silver atom, two nicotine molecules and a monodentate nitrate anion. The silver atom is again four coordinate with a distorted tetrahedral geometry having angles within the range 91.01 (7) 
CONCLUSION (S)-(-)-Nicotine has indeed been shown to act as a useful bridging ligand for the formation of chiral coordination polymers. Due to the two very different binding domains this bidentate
ligand faithfully aligns itself in a regular fashion in the formation of these polymeric products. A desirable feature of chiral coordination polymers is that of directionality [31] as this can amplify NLO properties. The asymmetric nature of (S)-(-)-nicotine along with its two different binding sites could lead to highly directional coordination polymers. However, complex 2 has three orthogonal two-fold screw axes and a three-dimensional network structure. Complexes 3 and 4 are both one-dimensional coordination polymers with only one two-fold screw axis. In complex 4 this screw axis relates adjacent polymer chains (which propagate by translation along the a axis), thereby reducing the overall degree of directionality within the crystal. However, in complex 3 adjacent chains are related by translation and the screw axis generates the polymer chains. This leads to a chiral coordination polymer with a high degree of directionality.
EXPERIMENTAL SECTION

General Remarks
Melting points were recorded on an Electrothermal melting point apparatus and are uncorrected.
The Campbell microanalytical laboratory at the University of Otago performed elemental analyses. Electrospray (ES) mass spectra were recorded using a Micromass LCT-TOF mass spectrometer. NMR spectra were recorded on a Varian 500 MHz spectrometer at 23°C, using a 3 mm probe. IR spectra were recorded with a Shimadzu FTIR-8201PC spectrophotometer. All reagents and reactants were obtained from commercial sources and used as received.
Syntheses
[(S)-(-)-Nicotine]-nitrato-silver(I) (Complex 2)
A solution of nicotine in acetonitrile (0.4M, 1mL) was added to a solution of silver nitrate 
Bis-[(S)-(-)-Nicotine]-nitrato-silver(I) (Complex 3)
A solution of nicotine in acetonitrile (0.4M, 3mL) was added to silver nitrate (66mg, 0.4mmol) dissolved in acetonitrile (4mL). A crystalline product was obtained by the diffusion of diethyl ether into the solution. Yield 146 mg (74%). M.p. 141-142ºC (dec. 
Bis-(acetonitrile-)[(S)-(-)-Nicotine]-silver(I) Tetrafluoroborate (Complex 4)
A solution of nicotine in acetonitrile (0.4M, 1mL) was added to silver tetrafluoroborate (78mg, 0.4mmol) dissolved in acetonitrile (2mL 
X-Ray Crystallography
The crystal data, data collection and refinement parameters are listed in Table 1 . Data were collected with a Siemens SMART CCD area detector, using graphite monochromatized MoKα radiation (λ = 0.71073 Å). The intensities were corrected for Lorentz and polarisation effects and for absorption [62] . The structures were solved by direct methods using SHELXS [63] and refined on F 2 , using all data, by full-matrix least-squares procedures using SHELXTL [64] . All non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms were included in calculated positions, with isotropic displacement parameters 1.2 times the isotropic equivalent of their carrier carbons (or 1.5 times for methyl hydrogens). Hydrogen atoms are omitted for clarity. 
